Introduction
Loess is an aeolian deposit which covers significant continental areas. It has been extensively investigated as it contains a record of quaternary climate changes. Gener- * E-mail: ntomasic@geol.pmf.hr ally, loess has been deposited in periglacial areas during glacial periods, and it is a good material to probe climate variations. Many mineral proxies in loess have been utilized in that respect, especially when temperature changes and precipitation variations are concerned. Mineral composition, particularly changes in clay mineralogy throughout loess sections and paleosol horizons [1] [2] [3] [4] [5] [6] , magnetic susceptibility and iron oxide mineralogy [7] as well as grain size of the sediment [8] are among those most frequently examined in the Quaternary climate research. Soil development upon loess horizons has been promoted in the interglacial stages during warm climate periods. This soil represents valuable arable areas due to its fertility and spreading in moderate climate regions.
In inland areas of Croatia loess deposits stretch from the northwestern to eastern regions. Especially, well-exposed loess-paleosol sections in the eastern part of the country have been extensively investigated, and they are situated along the right bank of the Danube River [9] [10] [11] . Here, granulometry, calcium carbonate content, mineralogical properties, mollusc record, total organic carbon, luminescence dating, magnetic susceptibility and geochemical studies have been used as proxies for climate and environmental changes during the Middle and Late Pleistocene. This loess area continues eastwards to neighboring Vojvodina, Serbia, with the well documented paleoclimatic record of the Batajnica loess sequences [12, 13] as one of the most complete records of the Middle and Late Pleistocene climate variations in the region. The loess deposits have been described in the Carpathian area (Romania, Ukraine) [13, 14] , as well as in Hungary, where chemical weathering in the last 800 ka was investigated [15] but also the rate of the atmospheric dust deposition in the Pleistocene was calculated [16] .
Adsorption properties of a sediment and overlying soil are an important feature of environmental significance: it helps modern agriculture plan an intensive but sustainable production. Also, it can be helpful in the assessment and evaluation of environmental hazards due to agricultural and industrial activity, urban pollution, and any accidental threat to environment. This particularly deserves attention in loess areas which are extensively populated.
Since adsorption properties of a sediment and soil are dependent on their composition, it is of interest to relate them to the main sediment and soil constituents. Adsorption in sediments and soils is mostly influenced by clay mineralogy, iron, manganese and aluminum oxyhydroxides, and organic matter. Clay minerals can significantly influence this property depending on the prevailing clay minerals in a sediment and soil. Their cation exchange capacity can be as low as 5-15 cmol /kg for kaolinite and up to more than 100 cmol /kg for vermiculite [17, 18] . Organic matter largely contributes to the overall adsorption score of certain soils. For instance, in some types of oxidic soils in tropical climate regimes organic matter proved to have a prevailing role as much as copper was concerned [19, 20] . Adsorption of copper in soil has been frequently studied due to the role of copper in bio-ecological cycles and its importance for plant nutrition. Also, its presence in some fertilizers, different kinds of residue and various agrochemicals applied in agricultural production can cause possible toxic effects. Organic matter strongly effects copper adsorption in soil when pH is around neutral [21] . In acidic environments metal oxides are more important, although less than is the case for organic matter in pH neutral soils. In this paper, adsorption properties in terms of cation exchange capacity (CEC) were investigated in loess and overlying soil of four loess-soil sections in the north-western part of Croatia. Adsorption properties of bulk samples as well as those upon removal of Fe-, Mn-, Al-oxyhydroxides (oxalate extraction), organic matter, and the one of the clay fraction alone (<2 µm) were mutually compared. A contribution of certain soil and sediment constituents to CEC was assessed throughout the investigated loess-soil sections. Contrary to most of the loess spread around the world, the investigated loess and accompanying soil are carbonate-free, and in this respect the adsorption properties could slightly diverge throughout the soil-loess sections. This is especially true for the distribution of clay minerals since carbonate leaching supports eluviation of clays [6] . The application of the copper ethylenediamine method for determination of CEC in this study could be considered advantageous due to a general interest in copper adsorption behavior in different soil types, especially when arable land is concerned. Also, this is not a commonly used method for CEC determination, especially not in the loess studies, and the data obtained could be a reference for comparisons to other CEC methods frequently applied.
Materials and methods

Sampling area and geological background
The investigated area stretches up to 60 km eastwards and northeastwards from the Croatian capital Zagreb (Figure 1) . The loess and soil samples were collected at the sites of the abandoned quarries where loess material with appropriate clay content was exploited for brick production industry. Open loess-soil sections down to 3-12 m in depth were chosen as sampling sites. The samples were collected at three horizons in the loess-soil sections (depth): loess horizon (C-horizon) (3-12 m), transition horizon (B-horizon) between loess and topsoil (40-50 cm), and topsoil horizon (A-horizon) excluding upper 15 cm of the soil organic/humic layer (15 cm). The sampling was done by using a sampling shovel, and approximately a kilogram of each sample was collected. The horizons could be mutually distinguished by color: the loess horizon was yellowish brown to ochre, the topsoil was brown, and the intermediate zone was light brown (10YR, Munsell soil color charts). The investigated loess samples are of Pleistocene age and were deposited during the last glacial (Würm) in North-Western Croatia [22, 23] . The loess has been identified as continental non-carbonate loess with carbonate component considered dissolved and resorbed due to precipitations. The overlying soil is a product of pedogenesis during the Holocene. Depending on the local topography of each sampling site (flat or slightly sloped), water table horizon, and water retention, the soil type varies from luvisol to dystric cambisol and stagnic gleysol [24] . The soil texture is loamy to silty, and the range of measured soil pH (Table 1) is expected due to the absence of carbonate. Mean monthly temperature in the investigated area is from -0.5
• C in January to 21
• C in July, and the annual precipitations are around 850 mm.
Physicochemical properties
Grain size analysis was performed for the loess samples (C-horizon) by a combination of wet sieving and sedigraph (for fraction <63 µm). The sedigraph analysis employed the Micrometrics SediGraph 5100 with a measuring range of 0.5 to 63 µm. Measurements of pH were conducted by dispersing the soil and sediment samples in water and CaCl 2 solution (0.01 mol/dm 3 ) with a sample to solution ratio 1:2.5. The measurements were performed using a Hach pH-meter EC-30. The oxalate method after Tamm in darkness [25] was employed for the determination of oxalate-extractable Fe, Mn, and Al. This was used as an approximate measure of the Fe-, Mn-, and Al-oxyhydroxides content in the samples. The extracted Fe, Mn and Al were quantified using a Prodigy High Dispersive ICP spectrometer working in simultaneous mode. The system was calibrated using aqueous mixed standards. The emission lines selected for the determination of the elements (wavelength in nm) were as follows: Al (308.215), Fe (238.204), and Mn (257.610). After extraction of Fe, Mn and Al, the samples were washed with distilled water and dried for 24 hours at 110
• C, and thus prepared for CEC measurement. Organic matter was determined by heating the samples at 375
• C for 24 hours and calculating respective mass loss after prior removal of wet by heating at 110
• C. The samples thermally treated to remove organic matter were also used later for CEC determination alone.
X-ray diffraction
Mineral composition of the loess and soil samples was determined using X-ray powder diffraction (XRD). A Philips X'Pert PRO powder diffractometer was employed operating at 40 mV and 40 mA. A divergence slit of 1/2
• and a receiving slit of 1
• were used with a graphite monochromator attached in the diffracted beam path. Mineral phases in the samples were identified using the ICDD database (2004) . An estimate of the mineral phase proportions was obtained by using relative intensity ratios (RIR) provided by the powder diffraction files (ICDD, 2004) and applying the algorithm of X'Pert HighScore Plus (Panalytical, 2004 ).
To make a distinction among phyllosilicate mineral phases, a set of oriented sample mounts was prepared by the gravitational separation of clay fractions and the subsequent deposition from suspension on a glass slide. Prior to XRD analysis the samples were air-dried. The samples were also saturated by ethylene glycol, as well as heated for half an hour at 400
• C and 550
• C. Muscovite/illite was recognized by its 9.9 Å and chlorite by 14 Å peak. Chlorite was distinguished from kaolinite by 14 Å and 7 Å peaks and their thermal evolution. Vermiculite was identified by a discrete shift of 14 Å peak upon salvation in ethylene glycol and its collapse to 10 Å after the heating treatments. Smectite was recognized by a shift of 14 Å peak to 17 Å in glycolated samples and its collapse after the heating.
Cation exchange capacity
Cation exchange capacity of the investigated samples was determined by using the copper ethylenediamine complex [26, 27] . Around 200 mg of each sample, previously dried for 24 hours at 110
• C, was mixed in a cuvette with 8 ml of 0.01 mol/dm 3 solution of copper ethylenediamine complex. The cuvettes were shaken for half an hour and subsequently centrifuged for 10 minutes at 1000 rpm. The filtrate (3 ml) was transferred to a cuvette for absorbance measurement. For all the samples, pH of the filtrate was around 7. A decrease of the copper ethylenediamine complex concentration in the solution i.e. the quantity of copper exchanged between the solution and the sample was determined by absorbance measurements. For this purpose a Hach DR4000/U UV-VIS spectrometer was employed. The absorbance was measured at 548 nm. The cation exchange capacity determinations were run for the bulk samples, the samples after removal of organic matter, the samples after oxalate extraction of Fe, Mn and Al, and for the clay fraction alone (obtained by gravitational separation, which was also applied for preparation of the oriented XRD mounts). For all the samples, three parallel measurements were performed in each case to assure the precision, and the average value was calculated for further evaluation.
Results and discussion
Physicochemical properties
Grain size analysis of loess (C-horizon) from all four sampling sites shows prevalence of silt fraction (Table 2) with sand:silt:clay ratio (2-6%):(58-81%):(15-40%). The investigated loess is classified as very fine silt. The granulometric composition data correspond well to those of the loess from drilling cores obtained in the surrounding area [23] . However, it is assumed that the percentage of the clay fraction is slightly overestimated at the expense of silt due to the sedigraph technique [28] . XRD analysis revealed the following major mineral constituents: quartz, muscovite/illite and plagioclase. Along with muscovite/illite clay mineral content is also represented by chlorite, kaolinite, vermiculite and a scarce occurrence of smectite (samples M2-C2 and T4-C). Smectite was identified only in the oriented sample mounts. In general, mineral composition is uniform throughout the investigated loess-soil sections, and a gradual increase of muscovite/illite with depth is the most striking exception. As expected for the non-carbonate continental loess, carbonate minerals were not observed in the samples. A semi-quantitative estimate of mineral composition (Figure 2 ) yields the following average weight percentages (range): quartz 35% (15-46%), muscovite/illite 42% (29-58%), and plagioclase 13% (5-19%) are the dominant mineral phases. Chlorite, if present, is subordinate and estimated at 10% (5-16%).
Kaolinite is estimated at 5% (3-8%) and vermiculite at 2% (1-2%). Generally, chlorite is found in A-and B-horizons, while kaolinite and vermiculite occur in C-horizon. Quartz is the most dominant in the A-horizon, and plagioclase content slightly increases with depth. Oxalate-extracted Fe, Mn and Al show interesting distribution patterns in the studied sections (Table 3) . Iron is the most abundant ranging from 0.14 -7.02 % of Fe 2 O 3 , whereby its content clearly decreases with depth increase. In the case of less abundant oxalate-extracted manganese this trend is not so uniform. Aluminum abundances, expressed as Al 2 O 3 , are low and merely constant throughout the sections. Organic matter content, ranging between 3.3% and 5.9 % (Table 3) , shows an inconsistent trend in the investigated sections. The absolute change in organic matter content among horizons is generally not so prominent compared to the Fe 2 O 3 variations. Although expected, the organic matter content in the soil horizon is not significantly greater than in the transition zone and loess horizons, in some cases it is even slightly less abundant. This could indicate underestimated abundances in the soil horizon for instance, especially due to incomplete combustion of organic matter at 375 • C, of thermally more stable humified substances [29] . It is generally assumed that the choice of combustion temperature did not influence the most abundant clay minerals in the samples investigated.
Adsorption properties
The cation exchange capacity values of the bulk samples (Table 4) show a gradual increase with depth. Thus, CEC rises from on average 5-12 cmol /kg in A-horizon through 7-15 cmol /kg in B-horizon up to 12-20 cmol /kg in Chorizon. The same trend was observed for CEC measurements upon oxalate extraction of Fe, Mn and Al, and organic matter removal. Also, the same is valid for CEC values of the separated clay fraction. The CEC values are the greatest in the loess horizon, no matter of the sampling depth. Upon removal of oxalate-extractable Fe, Mn and Al, and presumably most of their oxyhydroxides, the absolute CEC values generally decrease in comparison to the values for the bulk sample (Table 4) . On average, this change is minute in A-horizon, even slightly positive for the sampling sites M2 and M4 (1-9%), but in C-horizon and especially in B-horizon CEC values significantly drop down compared to their original values (up to 38%). Generally, the deeper the C-horizon the more prominent the negative change in the CEC value upon the extraction of Fe, Mn and Al is ( Figure 3) . This general decrease of CEC one could understand as a response to the oxyhydroxides removal, and thus elimination of one of the substrates for the cation exchange. Here, the coating effect of oxides on lateral surfaces of clay minerals seems to have a minor role, otherwise the CEC values should increase upon their removal due to unblocking of sorption sites [30] . However, this could have a slight influence in the case of the M2 and M4 samples from topsoil horizon, which experienced a slight increase of CEC values after removal of the oxyhydroxides. For these localities it is likely that in the topsoil horizon, which in these two cases contains the lowest amount of clay minerals, the pedogenetic processes favored the coating of the clay minerals by oxyhydroxides.
A decrease of CEC values was also observed after removal of organic matter (Table 4) but it was more balanced among the horizons ranging between 23% and 55%. Exceptionally, in the A-horizon at the M2 locality a drop of only 8% was observed (Figure 3 ). In the separated clay fraction CEC values are significantly increased in all horizons compared to those of the bulk samples. The increase is by far more prominent in topsoil accounting for more than threefold values compared to those of the bulk samples in some instances.
The observed CEC values correspond well to the average clay mineral composition of the samples, which obviously exerts a significant influence on the adsorption properties of the studied samples. Namely, all clay minerals identified in the samples have CEC values ranging 3-40 cmol /kg [17, 18] . An exception is vermiculite (100-150 cmol /kg), however, vermiculite is only a minor constituent in some of the samples. Also, it occurs in deeper horizons and might contribute slightly to the greater CEC values in the loess horizon compared to the upper horizons. Generally, the CEC values reflect the CEC value of the prevailing phyllosilicate phase in the samples, namely muscovite/illite.
The removal of organic matter and oxalate extraction of Fe, Mn and Al caused a decrease of CEC values, which in some cases is only minute, but in some cases it can drop to 50% of the original value. On average, the decrease of CEC values is more prominent after removal of organic matter, and thus it is in accordance with the previous studies addressing the role of organic matter in adsorption of Cu in different soil types [19, 21] . This could be for several reasons. Firstly, organic matter is a significant adsorbent of trace elements in soil [31] . Secondly, the applied method of CEC measurement employs a copper complex and copper preference of adsorption to organic matter has been widely recognized. Also, copper could be involved in formation of complex compounds with organic species [31, 32] , so adsorption is not the only mechanism of copper retention in soil and sediment.
Iron oxyhydroxides, as assessed from oxalate extraction, are significantly more abundant than those of manganese and aluminum, and are the most abundant in topsoil (Ahorizon). This could be related to the Holocene weathering processes which have been contributing to pedogenesis and formation of soil upon loess horizons. Also, chlorite as an iron-bearing phase was observed exclusively in A-and B-horizons in this case, thus being a source for formation of iron oxyhydroxides during pedogenetic processes [3] .
All the CEC values obtained after the various sample treatments show a significant concordance with the CEC values of the untreated (bulk) samples (Figure ?? ). Among them, relation of the separated clay fraction to the bulk sample values shows a slightly larger dispersion, which could indicate the influence of not only the adsorption capacity of the soil and loess constituents but also the particle size effect.
Conclusions
The study of adsorption properties in four loess-topsoil sections of the Pleistocene continental non-carbonate loess deposits in North-Western Croatia showed a significant influence of both mineral and organic constituents to the bulk CEC values. The observed CEC values of the bulk samples generally reflect their clay mineral content. The CEC values of the separated clay fraction are a few times higher than those of the bulk sample, which cannot be solely attributed to the intrinsic clay minerals adsorption capacity but also to larger specific surface area of the fine particles. The oxalate extraction of Fe, Mn, and Al, and removal of organic matter decrease the bulk CEC values, and the trend of the CEC increase with depth is concomitant with a slight increase of muscovite/illite, which is the most abundant clay mineral identified, and the occurrence of vermiculite in deeper horizons. Certainly, one has to anticipate the copper ethylenediamine method used for determination of CEC in this case, which could give a quick indication of copper retention in the loess-soil sections with given composition. This, however, should be proved for other CEC methods separately.
